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The Production of Dry Matter 'with 
Different Qyantities of 
Irrigation Water 
by 
John A. Widtsoe. 
I. INTRODUCTION. 
The second period of the irrigation investigations of the 
Utah Experiment Station began in 1901, when plans were 
formulated for accurate and extensive studies of the relations 
to each other of soils, crops and water. Preliminary work 
was done on the College Farm during the summer of 1901. 
During the winter of 1901-02, the Greenville Farm was se-
cured, and on it was constructed a system of weirs, flumes 
and laterals, whereby accurately measured quantities of water 
could be placed at will ,upon a~y plat. With this apparatus 
a great number of vital questions concerning the practice of 
irrig~tion was submitted to experimental study. The standard 
irrigated crops were grown with varying amounts of water 
and under different conditions of cultivation and of ,irriga-
tion. At regular intervals, during the growing season and at 
harvest, the crops were c'arefully sampled, .. the moisture :n 
them ,determined, and they were finally submitted to com-
plete chemical analysis. In this manner, among other things, 
the total dry matter produced on each plat was determined. 
The total yield of dry matter per acre, under a given con-
dition, is perhaps the best measure of the sum of the activi-
ties of a crop throughout the growing season. A knowledge 
of the variations in the production of dry matter with varying 
amounts of water will help ,materially in interpreting the gen-
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eral results of studies of the duty of irrigation water. 
In this bulletin, the average -yields of dry matter, produced 
with different quantities of water, are presented and discuss·ed. 
The results would have been much more valuable had it 
been possible to secure, in the case of wheat, for instance, the 
roots as well as the grain and straw; or in the case of sugar 
beets, the tops as well as the roots.. The total dry matter 
gathered by the plant is deposited neither in the under-ground 
parts nor in those growing above ground, but is distributed 
throughout the whole plant, from the last root to the topmost . 
leaf. The results as obtained appear, however, to have dis-
tinct value; and they furnish a rather unique study of the 
production of dry matter with different amounts of water. 
The yields of dry _ matter witp given amounts of water were 
not always obtained from one experimental set. The data 
used in this bulletin are averages, but the l.arge number of 
individual tests contained in ea.-ch average probably oversha-
dows any variations due to the differences in cultural treat-
ment. 
The consideration of the yields of crops as actually har-
vested, which is nafurally of great practical interest, w ill 
appear in a succeeding _report of these investigations. 
THE FARMS USED. The work herein reported was 
all done on the Greenville and the Frankhauser farm~, which 
adjoin each other in the Greenyille district, about one and one-
half miles north of the College Campus. Both farms were 
equipped with a system of weirs and flumes, whereby, as 
already stated, accurately measured water could be applied 
to any. of the experimental plats. The plats on the Greenville 
Farm are 29 feet by 57 feet ; and on the Frankhauser Farm 
30 feet by 58.08 feet. A strip of bare ground seven feet wide 
separated all the plats from each other. The measuring de-
vice was a carefully constructed Cipoletti weir; the measure-
ments were made directly by an observer, and not by a self-
recording ma-chine. (See Figs. la and lb.) 
The farm itself has been exhaustively des.cribed in a 
number of previous bulletins.* The soil is a calcareous loam 
*See Utah Station Bulletin 115. 
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Figure 1a. 
The arrangement of the Plats and the Water Distributing System of 
the Greenville Farm. (See Fig. 16.) 
which is very uniform to great depths over its whole extent. 
This uniformity made the results obtained on different plats 
more strictly comparable and lessened the necessity for fre-
quent check plats. 
ACCURACY OF RESULTS. The field work was done 
by the practical workers of the Station, under the supervi-
sion of the departmental head connecte.d with the work. Every 
attempt was made to obtain trustworthy results. From seed-
ing to harvesting the work in all of its phases was given 
very careful supervision. In spite of the most careful work, 
however, there were irregular variations in the yields, a con-
dition familiar .to all who have had anything to do with field-
crop experiments. 
A careful examination of the data leads to the belief that 
the results are accurate; quite within one-twentieth or five 
per cent. This is to say, in very few cases do duplicate 
yields differ more than one-twentieth of the total yield, and 
the average variation is even much smaller. The following 
results , therefore, should be read with this degree of variation 
in mind. Any deviation which falls within five per cent of the 
total dry matter in question is probably due to a mechanical 
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error rather than to a difference in the experimental treat-
ment. 
CLIMATE. The Greenville Farm lies in the heart of 
the arid section of the U nited States, the average precipita-
tion, as shown in table No.1 , being about fifteen inches ; the 
TABLE No. 1. 
AVERAGE CLIMATIC CONDITIONS AT GREEN-
VILLE FARM. 
MONTHS Temperature Rainfall ( Inches ) 
January _ ---------------1 24.1 1.44 February ____ __ ______ __ 26.2 1.30 
March _ ____ ____ ___ ____ __ 1 35.2 2.00 
April _ __ ___ __ _ ~ _ __ __ __ __ 47.4 1.73 
May _____ ________ ___ ____ 1 54.3 2.44 
June - ---------- - -- --- -- 1 62.7 0.86 
July - - - ------ - - --------1 71.4 0.42 
August __ ____ ___ __ __ __ __ 1 70.6 0.80 
September _ ______ _____ __ 1 61.4 1.07 
October ____ _____________ 1 47.7 1.26 
November _ ___ ___ ____ ___ 1 37.8 1.14 
December _______ ______ __ 1 25.9 1.02 
----~~----~----~~-----AnnuaL _____ _____ ___ 1 47.1 15.48 
average temperature a trifle over 47 degrees F. It is seen then 
that the Utah Station represents the average conditions of the 
arid region, where the rainfall often goes below ten inches 
and frequently goes up to twenty inches. 
T H E WATER USED. The water used for irrigation 
came from the Logan river. Throughout the season its com-
position is fairly constant.* In the early spring it 
is often muddy, but during the irrigation season it 
is of a -crystal c1.earness ; exceptionally pure and desirable 
for .man, beast, or plant. The temperature of the irrigation 
wat.er durin~ the season of 1902, which is representative 
*See Utah Station Bulletin 115, p. 10. 
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of similar data obtained later, may be found in Table No. 
2. All calculations in the following pages have been made 
TABLE NO.2. 
TEMPERATURE OF IRRIGATION WATER. 
Season of 1902. (Degrees Fahrenheit.) 
MONTH Maximum Minimum Ave"rage 
June - ----------1 6Qo 48° 54° 
July -
----------
63° 45° 54° 
August 
-
-------
63° 49° 56° 
Septe~ber 59° 47° 53° 
on the assumption that the temperature of the water was 
39.2 degrees F. The relation of irrigation to soil temperature 
has not yet been taken up as an "experiment by this Station; 
therefore, no valuable comment can be passed on the data 
of Table No.2. We know, however, that irrigation practices 
are influenc"ed by the temperature of the water used. Although 
exact records are not available, it is undoubtedly a fact that, 
due to the "abundance of sunshine prevailing at the Greenville 
Farm during the growing season, the irrigating water there 
is comparatively warm. 
CROPS STUDIED. The crops investigated, the number 
of trials, and the experimental years are shown in Table No. 
3. Wheat, oafs and barley represent the small grains; tim-
othy, brome grass, orchard grass, Italian rye grass and al-
falfa, the chief fodder crops; sugar beets and carrots, the root 
crops; cabbage and onions, the garden crops, besides corn and 
potatoes. While the list of crops tried is not exhaustive, it 
covers, with the exception of fruit, the chief crops grown at 
the present time in the irrigated sections of the United States. 
The work began on the Greenville Farm in 1902 and was 
continued with some interruptions and changes until 1911. 
At the latter date new plans were formulated, which will 
probably form the beginning of the third period in the irri-
gation investigations by this Station. 
THE MAIN FLUME, SHOWING THE DROPS TO CONFORM WITH THE SLOPE OF THE LAND. NOTE THE LATERALS LEADING FROM THE 
MAIN FLUME. 
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In Table No. 3 will be found also the number of single 
trials, the averages of which are used in the following dis-
cussion. Sugar beets head the list with 152 trials; wheat 
follows with 142; potatoes come next with 124, 'and corn 
shows 81 trials. Alfalfa has 49 single trials, and the other 
crops have from 6 to 16 trials. The total number of single 
plat trials involved in the discussion is 665. The second col-
TABLE NO,. 3. 
EXPERIMENTAL .YEARS AND NUMBER OF TRIALS. 
Number of 
Crop. Single Trials 
\ heat _______________________ 142 
Oats _ ________________________ 29 
Barley _ ______________________ 10 
Corn __________________ .. ____ 81 
Timothy __ ___________________ 9 
Bromus inermis _____ .:. ________ _ 
Orchard grass ~ ______________ _ 
Italian Rye Grass ______________ _ 
Alfalfa ______________________ _ 
Sugar Beets _________________ _ 
Carrots _.:. __________ __________ _ 
Potatoes ____________________ _ 
Cabbage ____________________ _ 
Onions _____________________ _ 
9 
9 
6 
49 
152 
16 
124 
13 
16 
. TotaL ___________________ 665 
Years of 
Experiment 
1902-11 
1902-04 
1904-05, 07 
1902-06, 07-11 
1904-06 
1904-06 
1904-06 
1904-05 
1904-11 
1904-11 
1905-06 
1904-11 
1905-06 
1905-07 
umn in Table No.3 indicates also, roughly, the accuracy of 
the data for the different crops. Sugar beets, wheat, pota-
toes and corn, are based on so many single trials that the 
results obtained are probably of high accuracy. Alfalfa, with 
49 trials, should also yield fairly ac-curate results. Less ~m­
phasis, however, should be placed upon the-data obtained from 
the other crops, though the results obtained are very valu-
able in confirming the conclusions drawn from the crops 
that were subjected to the greater number of trials. 
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PLANTING AND HARVESTING. Excepting 'the applications 
of irrigation water, the crops were treated in every particular 
according to the usual practice of the region. Table No. 4 
shows the approximate duration of the growing period from 
seed time to harvest and also the soil water, exclusive of irri-
gation, used by the plants in the growth. 
The length of the season is not accurate for each indi-
vidual year, but represents very closely the average for the 
years of the experiment. 
The water at the disposal of the plant is not only that ~ 
added in the form of irrigation water, but also that stored 
in the soil at the time of planting, and that which falls as 
rain during the growing season.* It was estimated that, at 
. the time of seeding, 16.5 per cent of water was in the soil to 
a depth of eight feet. By the ~ime of harvesting, wheat had 
exhausted this soil moisture to 9 per cent ; oats and barley 
to 12.5 per cent; corn to 13 per cent; sugar beets and carrots 
to 12 per cent, and potatoes to 13 per cent.t The difference 
between the water in the soil at seed~ng and at harvesting, 
converted into inches of water, shows the amount of the soil 
water actually used by the crops during the growing season. 
Lucern used more than any of the other crops, ·9.92 inches; 
wheat used 8.75 inches ; sugar beets and carrots used 5.23 
inches ; oats and barley each used 4.67 inches, and corn used 
only 1.17 inches, as did also potatoes. 
While the summers at the Greenville Farm are relatively 
dry, yet some rain falls between seed time and harvest. Table 
No.4 shows also that the total amount of precipitation dur-
ing the growing seasons of the crops under investigation 
varied from 5.0 to 4.37 inches. In the last .column of Table 
o. 4 are shown the inches of water representing the soil and 
rain water used by the crops. This must be taken into con-
sideration in estimating the effects of varying amounts of 
irrigation water upon the crop yields for, as will be shown 
in a later section, the water stored in the soil at seed time 
and that which falls during the growing season have hiah 
productive power. 
*See Utah Station Bulletins 104 and 115. 
tSee Utah Station Bulletin 115. 
TABLE NO. 4. 
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II. TERMS USED. 
The terminology used in irrigation is meager and loose. 
In this bulletin the following terms are used according to 
the meaning indicated: 
ACRE-INCH, the quantity of water that will cover one 
acre to a depth of one inch. 
ACRE-FooT, the quantity of water that will cover one 
acre to a depth of one foot. 
SECOND-FOOT, one cubic foot of water passing a 
given point during each second of time. 
TRANSPIRATION RATIO, the number of units of-water pass-
ing through a plant to produce one unit of dry matter in the 
crop when harvested. For instance, if the transpiration equiv-
alent of corn is 400, it means that 400 pounds of water mu~t 
actually pass through the corn plant to produce one pound of 
dry matter in the part of the corn harvested. 
THE EVAPO-TRANSPIRATION RATIO, t~e number of units 
of water passing through a plant plus those lost by 
evaporation from the soil surface, belonging to the plant, 
for each unit of dry matter produced. For example: 
i{ the evapo-transpiration ratio of corn is 600, it means 
that for every pound of dry matter produced in corn, the 
water passing through the plant plus that evaporated from 
the soil equaled 600 pounds. 
ApPARENT ACRE-INCH EQUIVALENT, the pounds, bush-
els or tons of dry matter of the crop when harvested produced 
on one acre per each acri-inch of irrigation water applied. For 
example: if the apparent acre-inch equivalent of the dry 
matter in wheat is 739, it means that 739 pounds of dry matter 
in wheat were yi~lded per acre for · each acre-inch of irrigation 
water applied. 
TRUE ACRE-INCH EQUIVALENT, the pounds, bushels, 
or tons of dry matter of the crop when harvested produced 
on one acr~ per each inch of the ' total water available to the 
c'rop in the form of irrigation \ ater, rain water .and soil water. 
For example: if the true a·cre-inch equivalent of dry matter 
in wheat is 261 pounds, it means that for each inch of the 
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water offer~d to the plant by ' irrig<l:tion; rainfall and soil 
moisture, there was a yield of 261 pounds of dry matter per 
acre. 
DUTY OF WATER, the number of acres that can be 
served for crop purposes by one second foot of water flowing 
for a definite period of time: 
It will be observed that with the exception of acre-:inch, 
acre-foot and second-foot, the above terms are all variable; 
that is, their values depend upon conditions that ~nust be spe-
cified in order that the full meaning may be comprehended. 
III. THE PRODUCING POWER OF THE NATURAL 
PRECIPITATION. 
The natural precipitation~ that is, the water stored in 
the oil at seed time and that which falls during the growing 
season, has a definite producing power, incfependent of the irri'-
gation water. With proper planting and care nearly all crops 
of the arid region will yield some harvest without any addi-
tion of irrigation water. Such farming, without irrigation 
in the arid region, is call~d dry-farming. The true purpose 
of irrigation is to supplement the natural precipitation and 
thereby obtain larger crops. Irrigation is not a' primary art; 
it should al;>,iV ays be practiced with reference to the natural 
precipitation. 4 
In the study" of the production of dry matter with differ.ent 
a'mountsof \ ater, it is of first importance to know what 
TABLE NO.5. 
POUNDS OF DRY MATTE'R PER ACRE, PRODUCED 
WITH AND ,WITHOUT IRRIGATION (1908-11). 
I
lrrigation Water Applied (Inches) I Per cent due 
Crop 1 ,... to Rain and 
. None 7.;) Sot! Waler 
Wheat _ ----------------------1 5718 1 6663 1 8i8 
Oats _______________________ -1 3999 1 4661 I' 86.2 
Corn ________________________ 1 6364 '1 7942 1 80.1 
Lucern ______________________ 1 5540 1 7608 1 72.0 
Potatoes _____________________ 1 1940 1 2900 1 67.0 
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the producing ability of the natural precipitation is, so that 
the actual producing ability of the irrigation water may be 
determined. For a number of years, series of plats were 
seeded to the same crops and in every particular treated alike, 
except that one received no irrigation water while the others 
received different amounts . In .Table No.5 will be found a 
summary for five of the crops studied, showing the pounds of 
dry matter produced per acre without irrigation and also with 
7.5 acre-inc4es of irrigation water, the latter amount rep-
resenting pra·ctically two medium sized irrigations. 
The total yields of dry matter without irrigation and 
those with 7.5 inches of irrigation were perfectly normal, and 
quite equal to average yields in the other series of the inves" 
tigations. The proportion of the yield due to the natural 
precipitation when 7.5 acre inches of water were applied was 
in every case large-varying from 67.0 to 86.2 per cent-it 
being just 86 per cent in the case of wheat and oats. When 
one appreciates the fact-later to be proved-that wheat and 
oats and similar crops should under all conditions be grown 
with small amounts of irrigation water, it appears very evi-
dent that the natural precipitation is the main agent in pro-
ducing the sm.all grains. Corn, likewise, yielded well with-
out irrigation, for with a 7.5 inch irrigation 80 per cent of the 
yield was due to water other than that applied. Lucern, which is 
ordinarily ·considered an irrigated crop, likewise, yielded fairly 
well without irrigation ; in fact, 72 per cent of the yield with 
7.5 inches of irrigating water was due to the natural preci-
pitation. While this is smaller than in the case of the grain 
crops mentioned above. yet it shows that even with such 
crops as lucorn, which consumes large quantities of water 
over long growing periods, and which continues to increase 
from year to year in root e{Ctent, the natural precipitation 
has a decidedly high function in producing dry matter. Pota-
toes with 7.5 inches of irrigation vyater gave 67 per cent of 
the yield as a result of the natural precipitation. Until a few 
years ago, potatoes were not .at all considered to be a dry-
farm crop, but recent experience has shown that they may, 
under proper conditions of cultivation, become very profit-
able on certain lands that cannot be irrigated. 
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As a result of making such observations as these, the 
Utah Station was led to the study of dry-farming, which has 
now become a large and permanent part of the agricultural 
a~tivities of the West. The irrigation farmer , ordinarily, 
pays little attention to the natural precipitation. His whole 
reliance is upon the w ater he can apply to crops in the form 
of irrigation. This is a grave mistake which has brought 
to many a farmer low production or crop failure. In 
every system of irrigation the natural precipitation must be 
considered. A fact that has been repeatedly stated in the 
bulletins of this Station, is, " the conservation of the natural 
precipitation is the beginning of irrigation wisdom" ; and " irri-
gation hould be upplementary to the natural precipitation". 
The first concern of the f,armer should be to retain all the 
natural precipitation until plants can use it ; then, irri o-ation 
should be applied to make up any deficiency in the water 
supply. ntil this lesson is taken to heart by the farmers of 
the W est, we shall not have a perfected system of irriga-
tion, for. in. spite of all other systematic efforts, there will be 
was te of water. 
In the consideration of the following tables, it must, 
therefo re, be kept in mind cohsta~tly, that the total yields of 
dry matter obtained w ith vary ing amounts of water are partly 
due to the crop producing power of water other than that 
added by irrigation. The producing pow er of a certain amount 
of irrigation water is not necessarily the same elsewhere in the 
arid districts as on the Greenvi-lle Farm, unless the surround-
i~g conditions are the same. otably will there be a differ-
ence if the amount of w ater stored in the soils is quite dif-
ferent. Wherever the rainf,all is smaller than at the Green-
ville Farm, the amount of irrigation water must be increased 
for the same yields, until the total amount of water offered 
the crop is pra,ctically the same as that indicated in these ex-
periments. Likewise, in localities in which the annual pre-
cipitation is larger than at the Greenville F arm, a smaller 
amount of irrigation water will suffice to produce a given crop 
yield. This relation of irrigation to soil moisture already 
present, holds, however, ? nly when the proper methods are 
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employed ' for storing in the soil, and conserving there, the 
natural precipitation. 
At the Greenville Farm, a large portion of the preClplJ 
tation comes in the winter, so that the soil is well stored with 
moisture at the time of planting; in other sections of the coun-
try, the winter precipitation is relatively ligh~ while the sum-
mer precipitation is higher. It does not matter greatly at what 
time the pr~cipitation comes, whether in the winter, spring or 
summer. The water that falls during the growing season may 
be of even greater value than that w hich comes in the early 
spring or late winter before planting time, though it is prob-
able that the water of highest value to the plant is that present 
in the soil at the time plant life begins. 
The main lesson to be drawn from the data of Table 
No.5, as already indicated, is, that when studying the crop 
producing power of irrigation water, one must ·consider all 
the water available to the plant, that is, the sum of the water 
stored in the soil, the rainfall during the growing season and 
the water added oy irrigation. 
It may be urged by those unfamiliar with this subject 
that · the , yields of these various crops, due to the natural 
precipitation, have been compared with the total yield of 
crops obtained when only a small quantity of irrigation water 
was used. Later on, in this bulletin it will be shown, in 
accordance with a previous statement, that the amount of .dry 
matter produced with water other than that applied as irri-
gation in the experiments reported in Table No. 5, forms a 
very large proportion of the dry matter produced even m 
cases of the heaviest water application that can be used in 
a rational system of irrigation farming. 
TABLE NO.6. 
THE YIELDS OF DRY MATTER WITH DIFFERENT QUANTITIES OF 
IRRIGATION WATER. , 
Yields of Dry Matter are Expressed in Pounds per Acre. Quantities .of Water Used are Expressed in Acre-Inches. 
WHEAT 
1. Irrigation Water Applied-- ___ ___ ___ --------I 5.00 \ 7.50 1 10.00 1 15.00 1 25.00 1 35.00 1 50.00 
2. Rainfall and Soil WateL ___________ -- ---- __ /13.74 13.74/13.74 1 13.74 1 13.74 1 13.74 1 13.74 
3. Total Water for use of Crop ________ -- ----- - 18.74 I 21.24 23.74 1 28.74' 1 38.74. 1 48.74 1 63.74 
4. Total Yield of Dry MatteL--------------- .. J 
5. Yield per Inch of Irrigation \ iVateL _-- ______ 1 
6. Yield per Inch of Total WateL _____ --------
4969 1 5545 1 5684 1 6279 1 6672 1 7229 I 7999 
994 1 739 I 568 J 419 I 267 1 207 I 160 
265 1 261 1 239 1 218 I 172 I 148 1 125 
7. Water Used Above Preceding TriaL --------/ 
8. Yield Above Preceding TriaL _____ __ ------- -
9. Yield per Inch of Increase ___ _______ ----- ___ I 
--------~----~~~----~----~----~----~---
---- I 2.50 I 2.50 I 5.00 I W.OO I W.OO I 15.00 
---- 1 576 139 1 595 1 393 I 557 1 770 
I 230 56 I 119 1 39 1 56 1 51 
OATS 
1. Irrigation Water Applied ___________ - -------I ---- 1 - -- - 1 5.00 1 10.00 1 15.00 1 20.00 1 45.00 
2. Rainfall and Soil WateL ____ ______ ___ ______ / --- - 1 ---- 1 9.66 1 9.66 1 9.66 1 9.66 1 9.66 
3. Total Water for Use of Crop____ ____ _______ ---- 1 - ~-- I 14.66 1 19,66 1 24.66 1 29.66 1 54.66 
4. Total Yield of Dry MatteL _____ ___ _ --------1 ---- I . . - - -- 1 5581 1 5116 I 6623 I 7501 1 7925 
5. Yield per Inch of Irrigation WateL . ________ 1 ---- 1 ---- 1 1116 1 512 1 442 I 375 1 176 
6. Yield per Inch of Total WateL _____________ 1 -- -- 1 ---- 1 381 1 260 1 269 1 253 1 145 
7. Water Used Abov~ Preceding TriaL ___ · ____ _ 1 ---- I ---- 1 ---- I 5.00 I 5.00 1 5.00 I' 25.00 
8. Yield Above Preceding TriaL ____ ___ ______ · __ 1 ---- 1 ---- 1 ---- 1-465 1 1507 I 878 1 424 
9. Yield per Inch of Increase __________ ------ - -I --- - I --- - ·1 --- - 1 ---:-93 1 301 I 176 1 17 
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BARLEY 
1. Irrigation Water Applied-- __ · __ ___ __ --- -- -- -I ---- 1 ---- I ---- 1 7.50 1 15.00 I 23.00 I 39.50 
2. Rainfall and Soil W ateL ___ ___ _____ - ----- - - 1 - --- I ---- ----. 1 9.66 1 9.66 1 9.66 1 9.66 
3. Total Water for U se of Crop _____ __ ·.--------I -- -- I -- -- 1 ---- I 17.16 1 24.66 1 34.66 1 49.16 
4. Total Yield of Dry MatteL ___ _____ _ --------1 -- -- I -- -- 1 -- - - 1 7595 I 8047 I 7825 I 8830 
5. Yield per Inch of Irrigation WateL . - - ------1 - --- I ---- 1 -- -- I 1013 1 536 I 313 1 224 
6. Yield per Inch of T otal \tVateL __ ____ __ ____ _ 1 -- - - 1 -- - - I -- -- 1 443 1 326 I 226 1 180 
7. Water Used Above Preceding TriaL ________ 1 ---- I - - -- 1 -- - - I ---- 1 7.50 I 10.00 I 14.50 
8. Y~eld Above Preceding TriaL _____ __ ______ _ / ---- 1 - - -- 1 ---- I ---- I 452 1-222 I 1~5 
9. YIeld per Inch of Increase _________ _ - - ------ --- - I - . - - 1 ---- I ---- I 61 1 -22 I 09 
CORN 
1. Irrigation W ater Applied ___ ____ ____ --------
2. Rainfall and Soil WateL __ ______ ___ ----- __ _ 
3. T otal \tVater for Use of Crop ____ ___ _ .
4. Total Yield of Dry ~1atter __ ________ --------1 
5. Yield per Inch of Irrigation W ateL _________ 1 
6. Yield per Inch of T otal WateL _____________ 1 
7. Water Used Above P receding TriaL _______ _ 1 
8. Yield Above Preceding TriaL ______ ____ __ __ 1 
9. Yield per Inch of Increase_:.. ________ ------ __ I 
7.50 I 10.00 1 15.00 1 20.00 I 25 .. 00 I 30.00 1 55.00 
5.54 I 5.54 I 5.54 I 5.54 I 5.54 1 5.54 I 5.54 
13.04 15.54 20.54 I 25.54 1 30.54 I 35.54 I 60.54 
10757 I 12762 13092 1 13856 1 14606 I 15294 1 12637 
1434 I -1276 873 1 693 I 584 I 510 1 230 
825 821 638 1 543 1 478 1 430 I 209 
- - -- I 2.50 I 5.00 1 5.00 1 5.00 I 5.00 I 25.00 
---- 1 2005 I 330 I 764 1 750 I 688 1-2657 
- --- 1 802 66 1 133 1 150 I 138 1-106 
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TIJ\lIOTHY 
1. Irrigation Water Applied-- --- - ----_--------I ---- 1 
4. Total Yield of Dry MatteL _________ --------1 
S. Yield per Inch of Irrigation WateL _--------1 
---- 1 
----
7. Water Used Above Preceding TriaL ________ 1 
8. Yield Above Preceding- TriaL ______________ 1 
9. Yield per Inch of Increase __________________ 1 
7.50 1 15.00 I 30.00 1 60.00 1100.00 I 
3926 I 3732 I 5524 I 7017 I 2067 I 
52 249 1 184 1 117 I 21 I 
7.50 115.00 I 30.00 1 40.00 1 
--194 1792 1 1493 1-4930 1 
--25 1 119 1 50 1--124 1 
ORCHARD GRASS 
1. Irrigation Water Applied ___________ --------I ---- 1 5.00 1 10.00 1 15.00 1 40.00 I 60.00 1 94.00 
4. Total Yield of Dry MatteL _________ --------1 ---- 1 2230 I 2149 I 2158 I 3234 1 3444 I 1126 
5. Yield per Inch of Irrigation WateL .. ________ 1 ---- 1 446 215 1 144 1 81 1 57 1 12 
7. ~ater Used Above ~recedi.~g TriaL ________ / ---- I ---- 1 ~.OO 1 5.00 1 25.00 1 20.00 1 34.00 
8. Y~eld Above Preced1l1g TnaL__ ____________ ---- 1 ---- 1 --81 1 9 1-1076 I 210 1-2318 
9. YIeld per Inch of Increase __________ - _______ I ---- ---- --16 1 2 1 43 I 11 1 68 
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BROMUS INERMIS 
1. Irrigation Water Applied _______ ____ ----- ---I ---- 1 7.50 1 10.00 1 15.00 1 40.00 1100.00 1 
4. Total Yield of Dry MatteL ________ _ --------1 ---- 1 3988 I 4070 ,I 3387 1 3928 I 2939 1 
5. Yield per Inch of Irrigation WateL __ --------1 ---- 1 532 407 1 226 1 98 1 29 1 
7. ~ater Used Above ~recedi.ng TriaL ________ 1 ---- 1 ---- 1 2.50 1 5.00 1 25.00 1 60.00 1 
8. YIeld Above Precedmg- TnaL __ ____________ ---- 1 ---- 1 82 1-683 I 541 1-989 1 
9. Yield pe'r Inch of Increase __________ --------I ---- 1 ---- 1 33 1 137 1 22 I 16 I 
ITALIAN RYE GRASS 
1. Irrigation Water Applied ___________ --- ---- -I 
-- - - 1 ---- 1 7.50 1' 15.00 1 45.00 1102.00 1 
4. Total Yield of Dry MatteL _________ -~------ 1 
5. Yield per Inch of Irrigation Water __ --------1 
---- I ---- I 2129 1 2372 1 2674 I 2262 1 
-- - - 1 ---- ' 286 1 158 1 59 1 22 1 
7. Water Used Above Preceding- TriaL ___ ~----1 
8. Yield Above Preceding- TriaL ______ ' ________ 1 
9. Yield per Inch of Increase ____ ______ --------I 
---- 1 - --- I ---- 1 7.50 1 30.00 I 57.00 1 
---- I ---- , --- - I 243 1 302 1-412 1 
---- 1 ---- 1 ---- 1 32 I 10 I -7 I 
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ALFALFA 
1. I rrigation W ater Applied- - __ _______ ------ __ I ---- 1 10.00 I 15.00 20.00 25.00 1 30.00 1 50.00 
2. Rainfall and Soil W ateL _________ __________ 1 ---- 1 14.91 I 14.91 14.91 14.91 I 14.91 I. 14.91 
3. Total Water for Use on Crop _______ · _____ · ___ 1 ____ I 24.91 I 29.91 34.91 39.91 I 44.91 1 64.91 
4. Total Yield of Dry Matter (3 crops) ______ ___ 1 __ __ I 9094 I 6942 1 8369 I 8606 1 8133 I 9949 
5. Yield per Inch of Irrigation W ateL · _____ ___ _ 1 _ _ -- 1 909 1 463 1 418 1 344 1 271 I 199 
6. Yield per Inch of T otal W ateL ____ _____ ____ 1 __ -- 1 365 I 232 1 240 1 216 I 181 1 153 
7. Water Used Above P receding TriaL_____ ___ - . -- 1 - --- I 5.00 I 5.00 I 5.00 1 5.00 I 20.00 
8. Yield Above Preceding TriaL _____ _ ------- - - -- 1 - --- J - 2152) ]427 1 237 1-473 1 1816 
9. Yield per Inch of Increase __ ________ ---- - --- - . - - 1 ---- J -430 1 285 ·1 47 I -95 I 91 
SU GAR BEETS 
1. Irrigation W ater Applied ____ _______ ----- ---I 
2. Rainfall and Soil W ateL ___ ________ .--------1 
3. Total W ater for U se of Crop _______ .. -- --- ---I 
---- I 5.00 I 10.00 I 1iOO I 20.00 30.00 I 50.00 
-- -_- I 10.25 I 10.25 1 10".25 I 10.25 10.25 I 10.25 
_c- __ I 15.25 I 20.25 I 25.25 I 30.25 40.25 I 60.25 
4. Total Yield of Dry Matter __ ____ ____ --------
5. Yield per Inch of Irrigation W ater ~ _______ _ _ 
6. Yield per Inch of T otal W ateL ____ _____ ___ _ 
.1 6080 8053 I 8636 110076 110271 111528 
I 
1216 805 I 576 ·304 I 342 1 231 
---- 399 · 398 I 342 I 333 I 255 I 191 
7. Water Used. Above P receding TriaL __ ___ ___ 1 
8. Y~eld Above Preceding- TriaL ______ _____ ___ 1 
9. Y!eld per Inch of Increase __________ __ _ :... ___ _ 
-.. -- I -- -- I 5.00 I 5.00 I 5.00 I· 10.00 I 20.00 
- -- I ---- I 1973 I 583 I 1440 1 195 I 1257 
-. -- I ---- I 395 I 117 I 288 I 20 I 63 
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CARROTS 
1. Irrigation Water Applied ___________ ------- -
2. Rainfall and Soil WateL _________ _ _ 
---- I 3.75 7.50 I 15.00 I 25.00 I 35.00 I 60.00 
--- - I 10.25 10.25 I 10.25 I 10.25 I 10.25 I 10.25 
3. Total Water for Use of Crop __ ______ -------
----, I 14.00 17.75 I 25.25 I 35.25 I 45.25 I 70.25 
4. Total Yield of Dry Matter _________ _ 
5. Yield per Inch of Irrigation W ateL _ 
---- I 7517 I 7227 110014 1'10520 111684 114883 
- - - - I 2005 964 I 668 I 421 I 334 I 248 
6. Yield per Inch of Total WateL ____ ________ _ 
7. Water Used Above Preceding- TriaL __ __ ____ 1 
---- I 537 I 407 I 397 I 298 I 258 I 205 
---- I 3.75 I i50 I 10.00 I 10.00 I 25.00 
8. Yield Above Preceding- TriaL __ ___ _______ __ 1 
9. Yield per Inch of Increase _______ __ _ --- - - - - -
---- I ---- --290 I 2787 I 506 I 1164 I 3199 
---- I ---- --77 372 I 51 I 116 I 128 
POTATOES 
1. Irrigation W ater Applied _______ __ __ --------I 
2. Rainfall and Soil WateL __ _____ ___ _ --------1 
3. Total W ater for Use of Crop ____ __ __ -- --- - - -
4. Total Yield of Dry Matter ______ ___ _ -- - - - - - -
5. Yield per Inch of Irrigation W ater __ - ;-.: --- - -
6. Yield p~r .Inch of Total Water ______ - ______ _ 
7. Water Used Above P receding- T riaL ______ __ 1 
8. Yield Above Preceding- TriaL ______ ________ 1 
9. Yield per Inch of Increase ______ ____ --------I 
5.00 I 7.50 
6.17 I 6.17 
11.17 I 13.67 
2310 I 2730 
462 I 364 
207 I 200 
---- I 2.50 
- - - - 1 420 
____ 168 
10.00 I 15.00 I 20.00 I 30.00 I 45.00 
6.171 6.17 I 6.17 I 6.17 I 6.17 
16.17 21.17 I 26.17 I 36.17 I 51.17 
2925 I 3405 I 4005 I 3660 I 3795 
293 I 227 I 200 I 122 I . 84 
181 I 161 I 153 101 I 74 
. 2.50 I 5.00 I 5.00 I 10.00 I 15.00 
195 I 480 I '600 I 345 I 135 
78 I 96 I 121 I 35 I 9 
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CABBAGE 
1. Irrigation Water Applied ______ _____ ------ --I ----.: 1 12.50 1 20.00 1 25.00 1 40.00 1 70.00 1 
2. Rainfall and Soil WateL __________ _ .- -------1 ---- 1 5.54\ 5.54 1 5.54 1 5:54 1 5.54 1 
3. Total Water for Use of Crop __ _____ .. ---- -- --I ---- 1 18.04 25.54 1 30.54 1. 45.54 1 75.54 1 
4. T?tal Yield of Dry ~att~r ---- - --- --~ -- --- --I ---- I 1849 1 1852 1 1631 1 2043 1 2310 1 
5. YIeld per Inch of Irng-atlOn WateL .. - - ---- --1 - - -- 148 1 93 1 65 1 51 1 33 1 
6. Yield per Inch of Total WateL_~ __ _ --------1 · -- -- 1 103 1 73 1 54 1 45 1 31 1 
7. ~ater Used Above ~reced~ng -TriaL ____ ____ 1 ---- 1 ---- \ 7.50 1 5.00 \15.00 1 30.00 1 
8. YIeld Above Precedmg TnaL____ __ _______ _ ---- 1 ---- 3 1-221 412 1 267 1 
9. Yield per Inch of Increase __________ ---- ___ :- I -- -- 1 ---- 1 0.40 I -44 1 27 1 9 1 
ONIONS 
1. Irrigation \tVater Applied __ _ ~:_- --.---- -------I 
2. Rainfall and Soil W~teL ~-'-·~'---:::.--- - -~-:... -- :.. 1 
3. Tot,al '\iVater for Use of Crop __ .:: -: '? __ ~. ~ - ·..: -~ - --I 
---- .1 ---- \15.00 I 20.00 I 30.00 1 65.00 I 
--~ - -I ---- 5.54 I 5.54 I 5.54 1 5.54 I 
--- -=~; I ---- I 20.54 1 25.54 I 35.54 I 70.54 I 
4. Total Yield of Dry MatteL ___ __ ~ ___ . ..:-------1 
5. Yield per Inch of Irrigation WateL ._- ---- : --1 
6. Yield per Inch of Total '\iVateL ___ __ - ·-- ___ __ 1 
- - ~- I -- -- - 2147 I 2204 I 3244 I 3417 I 
---- I 143 I 110 I 108 I 53 r 
---- I 105 1 86 1 91 I 48 I 
7. Water Used Above Preceding TriaL ______ __ 1 
8. Yield Above Preceding- TriaL __ ____ _____ ___ 1 
9. Yield per Inch of Increase ______ __ __ --------I 
-- - - 1 - --- I ---- 1 5.00 1 10.00 I 35.00 1 
-- - - 1 --- - ---- 1 57 I 1040 I 173 1 
---- I ---- I ---- 1 11 I 104 I 5 I 
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IV. STATEMENT OF RESULTS. 
The yields of dry matter with different' quantities of 
water are shown in Table No.6. It will be observed that 
each section contains several lines, numbered from one to 
nine. Line 1 gives the quantity of water actually , applied 
in irrigation; line 2 shows the rainfall and the estimated soil 
water used by the crop during the growing season; line 3 
gives the sum of the two preceding items, or the total water 
used by the crop. In line 4 is found under each quantity 
of water the total yield of dry matter in pounds per acre. 
Line 5, which shows the pounds of dry matter produced 
per acre, for each inch of i,rrigation water used, was obtained 
by dividing 'the data of line 4 by the ,corresponding data of 
line L Line 6 shows the yield of dry matter in pounds per 
acre for each inch of the total water used, and was fo~nd 
hy dividing the total yields by the corresponding total amounts 
of water. Line 7 shows the amount of water used in any 
one trial over and above the amount of water used in the 
trial just preceding; line 8 shows the acre yield of dry matter 
in anyone trial, over and above the yield of dry matter ob-
tained at the trial just preceding. Line 9 gives the acre 
yield of dry matter in pounds for each inch of increase tn 
'water used, and was obtained by dividing the numbers in line 
8 by those in line 7. 
The data stated in Table No.6 are used in the following 
sections. 
V. TOTAL YIELD OF DRY MATTER. 
The total yield of dry matter may be found by referring 
to line 4 of each section of Table No.6. In every case the 
numbers used stand for the number of pounds of dry. matter 
secured per acre with the amounts of water indicated at the 
head of the column. 
It is evident that, for all the crops investigated, the 
yield of dry matter increases, with few exceptions, as ' the 
quantity 6f irrigation water tn~reases. The deviations from 
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this rule are explained in Section I X. In the case of the small 
grains, w heat, oats and barley, the regular increase in the 
yield of dry m.atter with increasing irrigations is very marked. 
Wheat shows no deviation from the rule, from the lower 
limit of 5 inches to the upper of 50 i~ches . Oats, which 
received as its smallest annual irrigation 5 inches, and as 
its largest, 45 inches, show ed a similar steady increase, ex-
tept that w hen ten inches were applied there was a small 
decrease in the y ield of dry matter, but thi s was more than 
made up w hen 15 inches w ere applied. W hether there was an 
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actual decrease with 10 inches of w ater or simply a very small 
gain is somewhat difficult to say; but even with a probable 
error of 5 per cent, as already explained, it would appear 
that there was an actual decrease in the total yield. With 
barley, likew ise, there was a steady increase of dry matter 
with increasing amounts of irrigation water, the only excep-
tion occurring under 25 inches, when the yield was smal-
ler than that obtained under 15 inches. The difference, how-
ever, IS very small and may b~ attributed to an experimental 
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error. In the case of these small grains, the number of trials 
for wheat was far larger than that for oats or for barley, 
(see Table No.3) and the results obtained for wheat may, 
therefore, be accepted with much greater confidence than 
those found' for either of the other crops. 
Corn received as the least quantity of 'irrigation water 
7.5 inches, and as the largest, 55 inches. For all the inter-
mediate amounts there was a steady increase of dry matter, 
but with 55 inches there was a strong decrease in the yield 
of dry matter. The data concerning corn are also based on 
a large number of single experiments, and should, therefore, 
be very reliable. 
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The yield of timothy, orchard grass, brome grass and 
I talian rye grass did not correspond so closely to the increase 
in irrigation as did the yield of the small ' grains. The dry 
matter in timothy increased steadily with an increase in the 
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use of water, except at 15 inches, when a slight decrease 
'occurred, possibly within experimental error, and also at 100 
inches, when a very liLrge diminution occurred, undoubtedly 
from the use of so absurdly large a quantity of water. The 
yield of dry matter in orchard grass diminished as the irri-
gation water was increased from 5 to 15 inches, then in-
creased up to sixty inches, although, as might be expected, 
diminished strongly when 94 inches were used. The dry mat-
ter of brome g rass increased slightly up to 10 inches ; then 
decreased at 15, rose again at 40 and decreased la~gely at 
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100 inches. The yield of dry matter in Italian rye grass 
dIminished as water was added above 7.5 inches. The study 
of these hay-making plants seems to show that as the total 
quantity of irrigation water is increased there is an increase, 
though small, in the total yield of dry matter, but that these 
crops are more sensitive than are either the small . grains 
or corn to a large quantity of water, and that they, therefore, 
show greater deviation from this general rule than any of 
the other crops already discussed. 
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Alfalfa, the king of hay crops, under irrigated conditions 
shows an increase in the yield of dry matter for every in-
crease in the irrigation water, excepting thirty inches, when 
. there was a temporary diminution. The largest amount of 
water used, however, 50 inches, produced the largest yield ' 
of dry matter. This irregularity in the case of alfalfa may 
be explained partly by the fact that three ·crops are harvested. 
The first crop depends almost wholly upon the natural pre-
cipitation for its production, and only the other two are 
really produced by irrigation. When this is taken into con-
sideration, the data appear somewhat different. 
Stwar beets and carrots were taken as the representatives 
of the root crops. In the case of sugar beets a large number 
of single experiments was made and the results obtained 
possess a high degree of credibility. There was a steady in-
crease in ~he yield of dry matter· per acre as the quantity 
of irrigation water increased. Even when 50 inches of water 
were used there was a slight increase in the dry matter above 
the largest preceding yield. The results with carrots fluc-
tuate, as do those obtained from sugar beets, except that with 
an irrigation of 7.5 inches less dry matter was produced than 
when 3.75 inches were used. From that point on, however r 
there was a steady increase up to the largest annual irriga-
tion of 60 inches. 
Potatoes, likewise, were given much experimental study 
and confidence may be placed in the results obtained. With 
increasing irrigations the yield of dry matter increased stead-
ly until 30 inches were applied, when there was a diminu-
tion from which the crop did not re-cover until 60 inches had 
been used. Potatoes increased in the yield of dry matter 
as the total irrigation increased, but apparently at a point 
somewhat above that of the ordinary total irrigation the yield 
is considerably diminished. 
The two garden crops, onions and cabbage, both in-
creased steadily in their yields of dry matter as the quan-
tity of irrigation water increased. ' The only deviation oc-
curred in cabbage, which yielded· .with 25 inches of irriga-
tionwater less dry matter than with either 20 or 40 inches. 
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Considering all the crops ' in relation to their yields of 
dry matter with different quantit~es of annual irrigation 
water, it is clear that the general tendency is towards an 
increase of dry matter as the annual quantity of irrigation 
water increases; but that, with certain quantities of water 
the gain is very small and there may even be a decrease. Fur- ' 
ther, different crops behave quite diflerently with respect to 
the influence of irrigating water upon their crop production. 
Of the crops included in these experiments, the standard 
crops, corn, wheat, oats and barley, the root crops and the 
vegetables seem to be able , to endure larger quantities of 
water than do the hay-making crops, excepting alfalfa. It]s 
also apparent that whenever very large quantities of water 
were used there was generally a very decided diminution 
in the yield of dry matter. 
In Section IX an attempt will be made to explain why, 
'lnder certain , conditions of irrigation, the regular increase of 
dry matter disappears or becomes a decrease, and also why 
there is a decided falling off in dry matter with exceSSIve 
quantities of water. 
VI. YIELD PER INCH OF IRRIGATION WATER 
APPLIED. 
The yield per inch of irrigation water was obtained by 
dividing the total acre yield of dry matter by the number of 
inches of water actually applied in irrigation throughout the 
season. (See line 5 of the ' section of Table o. 6.) The 
results obtained are remarkably uniform. Without any ex-
ception the yield in dry matter per acre for each irlch of irri-
gation decreased as the total amount of water used during 
the season increased. 
When 5 inches of irrigation water were applied to wheat, 
the yield was 994 po'unds per inch. When 15 inches were ap-
plied only 160 pounds were produced per inch of irriga-
tion water. When 7.5 inches were applied to corn there was 
a yield per acre inch of 1434 pounds of dry matter, but when 
~5 inches were employed the yield dropped to 230 pounds per 
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acre inch. With sugar heets, 5 inches of IrrIgation water 
gave a yield of 1216 pounds per acre of dry matter, while 
with 30 inches only 231 pounds were produced per inch. 
Potatoes behaved similarly. With 5 inches of water there 
was a yie!d of 462 pounds of dry matter; with 60 inches 
only 76 pounds of dry ·matter per inch were produced. All 
the other crops showed similar results., 
~o~r\M-~~~~~~~~~'-'-'-'-'-'-'-'-'-'-'-'-' 
, 
oS /0 If tto ~f .10 .Jf 40 4f fO . J"$ 60 
Depth o/'/rrigation Waler Applied (/nchesJ 
Figure ' 7. 
I t is clear that as the quautity of irrigation water is 
increased there IS a great diminution in the production of 
dry matter per each inch of water. This is due largely to 
the fact that a comparatively large proportion of the total 
amount of water available to the plant throughout the year 
is that stored in the soil in the spring and that which falls 
during the growing season. Of the total water available 
to the plant this natural precipitation, as has been 
explained, produces in the case of the grains nearly 85 per 
cent of the dry matter yielded with 5 inches of irrigation 
THE EFFECT OF IRRIGATIO ON DRY MATTER 35 
water. When we divide, therefore, the amount of dry matter 
obtained with 5 inches of irrigation water by 5, each inch 
represents not only the amo~nt produced by each inch 
oi irrigation water, but 'also one-fifth of that which was 
produced by the natura] precipitation. Consequently, the 
more water that is applied, the smaller, apparently, will be 
the yield per inch even though the producing rate per each 
inch of irrigation of varying magnitude is the same. From 
the practical view point, the more water that is given to 
a -crop by irrigation the less we . get in return per each unit 
of water applied. This emphasizes, first, the great importance 
of the natural precipitation, and secondly, the folly of using 
exce sive amounts of water in growing any crop. 
VII. YIELD PER INCH OF THE TOTAL WATER 
USED. 
s has been observed, the soil-water and the rain-water 
aid in the production of a considerable proportion of the 
dry matter obtained under methods of irrigation, and the 
y ields due to irrigation, therefore, appear too large. To elim-
inate this error and to arrive at a knowledge of the real pro-
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ducing power of water, the data in line 6 of the sections of 
Table No.6 are presented. The total acre y ields of dry mat-
ter obtained with different amounts of irrigation were divi-
ded by the sum (in inches) of the soil-water, rain-water, and 
irrigation water corresponding to each yield of dry matter, 
as given in line 3 of the several sections of Table No.6. 
With only four exceptions out of sixty or more averages, 
the yields of dry matter per inch of the total water became 
smaller as the supply 'of irrigation water was increased. 
In every case the largest yield of dry matter per inch of the 
total water came with the smallest irrigations, and on the 
other hand, the smallest yields of dry matter per inch of the· 
total water resulted from the largest irrigations. 
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Wheat, with 5 inches of irrigation water, . making 18.74 
in ches Clf total water, yielded 265 pounds of dry matter per 
inch of total water. With 50 inches of irrigation water, givi~g 
63.'74 ' inches 'Of total water, only 125 pounds of dry matter 
were produced per inch of total. 
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Corn, with 7.5 inches of irrigation water, amounting to 
13.04 inches of total water, yielded 825 pounds of dry mat-
ter per inch of the total water. With 55 inches of irrigation 
water making 60.54 inches of total water, only 209 pounds 
of dry matter were produced per inch of the total water. 
Sugar beets, when irrigated with 5 inches of water, giv-
ing 15.25 inches of water for use of crop, y ielded 399 pounds 
of dry matter for each inch of total water; but with 50 inches 
of irrigation water, amounting to 60.25 inches of total water, 
only 191 pounds of dry matter were produced per inch of the 
entire amount: 
All the crops showed a similar variation. The few devi-
ations already mentioned occurred with crops that . were 
given few trials, and these deviations were always _ inter-
mediate between the two extremes. There can be no doubt 
whatever, from the data of Table o. 6, that when all the 
water used by a plant (including evaporation and transpi-
ration) is taken into consideration, the smaller the amount 
of irrigation water used, within the limits of these experi-
ments, the larger the yield of dry matter per inch of total 
water. As the irrigation is increased the acre inch yield of 
dry matter is decrea ed. This law is of fundamental import-
ance. \N"ith irrigable land and a limited water supply, 
it becomes of first importance to know how much water 
should be applied at anyone time to get the most economical 
results. 
VIII. YIELD PER INCH OF INCREASE OF WATER. 
In the two preceding sections the yield of dry matter 
per acre has been determined per each inch of the irriga-
tion water applied, and also per inch of the total amount of 
water available to the crops. In every case the results have 
been obtained by a division of the total yield of dry matt~r 
per acre by either the number of inche of water applied or 
the number of total available inches of water. In both cases it 
has been found that, as the supply of water increases, the pro-
duction per each inch of water decreases. There is yet another 
view of this matter. For instance, w ith 5 inches of irrigation 
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water there was a yield of 4969 pounds of dry matter of wheat, 
and with 7.5 inches, 5543 pounds. By adding 2.5 inches of irri-
gation water, there was an increase of 576 pounds of dry mat-
ter, or 230 pounds of dry matter for each inch of water increase. 
In line 7 of Table No.6, the increases in the amounts of 'irri-
gation water over each preceding amount are shown, and in 
line 8 the corresponding increases in the yields of dry matter 
are found. In line 9 is found the yields of- dry matter in pounds 
per acre for each inch of the increase of water. Since the 
preceding considerations have led to the doctrine, that the 
more water applied throughout the season the less dry mat-
ter produced per inch of the water used, it would naturally 
follow that the yield per inch of increase would become smal-
ler as the total water supply becomes larger. The data in 
line 9 of Table No. 6 do not, ' however, show that this is 
invariably the case. In nearly every instance the first in-
creas€, as from 5, to 7.5 inches, yields the largest returns per 
inch of increase, though this is not always the case. The 
striking fact about the data presented in line 9, is that there 
is no great regularity in the crop producing power per inch 
of water when only the intervals of irrigation are consid-
ered. 
\ iVith wheat, for instance, the interval between 5 and 
7.5 inches of water produced 230 pounds of dry matter per 
inch. Between 7.5 and 10 inches, only '36 pounds were pro-
duced per inch, but between 10 and 15 inches, 119 pounds 
were produced. Between 15 and 25 inches, 39 pounds were 
produced per inch, and between 25 and 35 inches, the yield 
again rose to 56 pounds per inch of water difference. 
Between 35 and ::0 inches it remaine~ practically the same-
51 pounds of dry matter per inch of inc'rease in w·ater. 
Similar irregularities occur with corn. At various in-
tervals the pounds of dry matter produced per acre per inch 
of water' are 802; 66; 133; 150; 138, and at last 106. 
Sugar beets show similar variations. Per inch of water 
in the various intervals there are for the respective irriga-
tions 395, 117, 288, 20 and 63 pounds of dry matter produced. 
All the other crops studied in these investigations show sim-
ilar irregularities. 
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While it seems certain that the proportional yield 
of dry matter decreases as the amount of water increases , 
yet when the increases of water and the corresponding in-
creases of yields are considered, large irregularities appear. 
True, there is a general tendency toward a diminution of the 
acre inch equivalent .when · the increases are between larger 
appli'cations, but the deviations from this regular order are 
so numerous and occur in such a way as to make it im-
possible to say that any such law obtains. 
Nevertheless these irregularities cannot be wholly a re-
sult of chance or of experimental error. It is much more 
probable that they are due to certain physiological changes, 
aocompanying the application of different quantities of water. 
(See Section IX.) That the yield of dry matter is the result of 
the whole supply of the water and not of anyone part of it 
is the probable explanation: 
IX. A POSSIBLE EXPLANATION OF THE DEVIA-
TIONS FROM .THE PROPORTIONAL · GAINS 
OF DRY MATTER. 
The preceding sections have shown three very striking 
deviations from the regular increase of dry matter as the 
, supply of water increases. First, with nearly all the crops, 
as the supply of water is increased there are points at which 
the gains of dry matter are very small or wholly absent 
and in some cases negative. Second, with the largest appli-
cations of water there was usually an actual decrea3e 
in the yield of dry matter; and third" the same quantity of 
water applied above various definite quantities does not 
always produce the same absolute or relative increase in 
the yield of dry matter. These deviations cannot be due 
wholly to experimental error. An e~planation for them must 
be sought rather in the general nature of the crop growth 
as related to the water supply. Further investigations are 
perhaps necessary before the subj ect can be well understood, 
nevertheless the .following suggestions may be made. 
U nder the conditions prevailing at the Greenville Farm, 
and for that matter Qver a large portion of the irrigated 
area, the soil contains. at the time of planting suffkient 
THE ApPROACH TO THE MAIN WEIR AT THE HEAD OF THE DISTRIBUTING SYSTEM. 
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moisture to germinate the seed and to start the young plants 
well along in their growth. In the stages of early growth 
some rain falls. In fact, irrigation does not ordinarily begin 
until in June, when the crops have made from four to eight 
weeks of growth. During this period the development of 
the root-system, stalks and leaves is in response to the con-
ditions of temperature, sun hine and soil moisture which have 
obtained. By the time the soil moisture is so far exhausted 
that an irrigation is thought necessary, the crop is well into 
its early period of vigorous growth. Then, one plat receives 
no water ' another probably 2.5 inches; another 5 inches; 
another 7.5 inches; some receive no further irrigation; others 
receive frequent irrigation~ throughout the whole season of 
growth. How now will the crop, already well established, res-
pond to the e different treatments? 
Under the crop receiving no irrigation the soil dries rap-
idly, carbon assimilation largely cease ,while the nutritive ma-
terials are hurried from roots, stalks and leaves to form seeds,1n 
anticipation of a dry season. The next plat which re·ceives, say 
5 inches of water in two, light irrigations, possibly receives 
enough to restore the soil to the moisture condition in which it 
has been during the pring. The plant finding the soil moisture 
conditions unchanged continues to develop slowly but reg-
ularly. Another plat receives perhaps 10 inches of water 
also in two irrigation. Each is fairly large and creates a 
moisture environment quite different from t,hat which ex-
isted throughout the late spring. The soil is wetter than it 
has been for several weeks previously. It is possible that 
the crop under these conditions responds to this increased 
soil moisture in anticipation of a wet season. The root-
ystem responding to the stimulus of a high percentage of 
soil moisture may begin a new growth adapted to the 
changed environment. Much of. the carbon taken up is car-
ried down from the leaf and stalk parts to the underground 
.parts of the plant and there extends the root system upon 
which will largely depend the success of the plant's growth. 
But the rather heavy irrigation is not repeated until very 
late in the season. The vigorous growth which was begun 
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by the plant is arrested', much . of the stored dry matter is 
in the large root-system, and when the farmer harvests the 
crop he finds an apparent decrease in the total yield of dry 
matter. In reality there has been no diminution but only 
a redistribution resulting from plant response to the new 
temporary environment which has . placed a larger proportion 
of dry matter in th~ roots than would have been the case 
had a smaller quantity of irrigation water been used. 
Again, another plat may receive twenty inches of irrigation 
water for the season in three or four irrigations of from five to 
seven inches each. When the first irrigation is applied the 
same 'readjustment takes place as that given in the explana-
tion above. The ' increased moisture stimulates the plant into 
new growth . . A seaSOn of much moisture is expected, the root 
system is developed to such an extent that it draws heavily 
upon the dry matter stored~ in the leaves and stalks. When 
such a stage of development is well under way, another 
heavy irrigation is received. The anticipation of the plant 
is now realized; the strong root-system can appropriate the 
larger quantities of water ; a rapid growth. occurs· above ' 
ground. Before the soil moisture is exhausted another heavy 
irrigation comes, and so on to the end of the seasou. The 
farmer harvests a heavy crop, though, as previously shown, the 
yield is 'not proportional to the quantity of water used. 
The periods of little ' gain or of a,ctual loss in the · dry 
matter, as shown in line 4 (Table No.6) are probably TO 
be explained in this manner. The plant responds to external 
stimuli of various kinds, moisture being the most im-
portant under irrigation conditions. The plant 'not only 
grows above ground; its whole structure must be engaged 
in the general development. Unfortunately, so little is known 
about the relative weights at harvest or at any other period, 
of underground and above ground parts, that no' data can 
be 'brought to support the explanation here advanced. It 
is strongly suspected, however, that the deviations from the· 
regular increase of dry matter with the increase of water 
are to be explained by the relative development of roots, 
stems, .leaves and heads. If this theory be correct, there should 
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be an increase in the weight of roots whenever there is a de-
crease or a very small increase in th~ dry matter of the parts 
grown above ground. However, we have no data that en-
able us to decide the que?tion. 
In this connection the yields of the dry matter 111 sugar 
beets and in carrots are rather interesting. The former is a 
specialized root and should not be compared, in all particulars, 
wjth the 'roots of wheat, ,corn and other annU:al crops used in 
these experiments, yet it may be interesting to note that with 
sugar beets and with carrots the points of depression are not 
so evident as in the case of the grains and the hay-making 
plants. 
If the foregoing explanation is correct the main concern 
of the irrigation farmer should be to distribute the water at 
his disposal in such a way as to maintain throughout the 
season a uniform soil moisture environment, otherwise, one 
plant part may be materially increased at the expense of 
another. As the plant grows, and becomes capable of using 
more water, larger proportional irrigations should probably 
be used. Whenever the spring precipitation is low, the early 
.irrigation should be heavy; and, when the spring rains are 
high, as on the great plains, the early irrigation should be 
comparatively small. 
In. discussing the production of dry matter under irri-
gated conditions consideration must be given to the dry 
matter stored in the roots as well as to that stored in the 
other parts of the plant. The production of total dry mat-
ter, whether stored above or below ground, is in some way 
proportional to the quantity of water applied. Any change 
in the total or relative dry matter is the resultant of all the 
water used throughout the season and cannot be a~tributed to 
any particular part of it. 
When large irrigations are used, as shown in Table No. 
6, the gain in dry matter is either very small or actually 
diminishes. Evidently, if enough water were . used the 
increase in dry matter could be prevented. This is read-
ily understood by considering the conditions that undoubtedly 
prevail when excessive quantities of water are applied to 
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crops. Throughout the greater part of the season the soil 
pores are filled with water. This condition retards or often 
wholly prevents the biological changes that are indispensable 
to ·complete crop development. The plant attempts by rapid 
transpiration to reduce the excess of soil water, but no sooner 
is this surplus water thrown off than another heavy ' irrigi-
tion is applied. The plant then becomes a pumping device 
fo r ridding the soil of unnecessary water. The energy which 
should fo rm dry matter i-s used in lifting water from the soil, 
hence no real growth. As a result less dry matter is pro-
duced under excessive irrigations than under moderate ones. 
Students of irrigation practice in western America have repeat-
edly found on large farms men of intelligence. who apply 
far more water than can possibly be used by the plants, thus 
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causing unintentionally an actual diminution of the yield per 
acre. 
Finally, a word must be said about the more important 
ques'tion, concerning the decreasing acre-inch equivalents of 
dry matter as the total irrigation is increased. More than a 
decade ago this ·Station enunciated the law that the loss of 
moisture from a cropped soil increases as the initial per ,cent 
of moisture (moisture found in the soil at the beginning of 
any trial) increases. In other words , the more water there 
is in a soil, the more water the crops will use. The plant 
seems unable to regulate automatically the process of trans-
piration. Like an improvident householder, the more it h~s 
the more it uses. This law may be explained on the basis 
of the thickness of the soil water film. The more water 
in the soil, the thicker the film and the less firmly is the 
water held by the soil. Only a certain small amount of water 
passing through the plant is necessary for ' its life functions · 
a larger amount passes through the plant in obedience to the 
law of the initial per cent.* So, as more water is added to 
the soil throughout the season, the greater will be the water 
cost of the dry matter. See Figure 10. 
x. RELATIVE DRY MATTER PRODUCING POWERS 
OF VARIOUS CROPS. 
Under most favorable conditions of agriculture, the river 
waters of the arid region ' can be utilized for the irriO"ation 
of only a very small part of the whole land area. Some 
authorities estimate that not mbre than one-tenth of the total 
arid land surface can be reclaimed by irrigation. Under 
such circumstances water acquires a tremendously high value, 
and it is of the first impor~ance to grow crops that produce 
abundantly under irrigation, and which, at the same time, 
command a hiO"h market price. 
I t is well known that all crops do not, even under 
similar conditions, produce equal amounts of dry mat-
ter per acre. This is strikingly illustrated' in the data of this 
*Utah Station Bulletin 115, 'p. 40. 
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investigation as set forth in Table No.6. For gr~ater eluci-
dation Table No.7 has been constructed. It shows the yields 
of dry matter per acre of various crops with different amounts 
of water. When 5 inches of water were appl!ed, the y ield 
varied from over 2,000 to a little over 6,00.0 pounds of dry 
matter per acre. With 7.5 inches, it varied from nearly 2,000 
to a little less than 11,()(X) pounds per acre. With 15 inches 
TABLE NO.7. 
YIELDS OF DRY MATTER WITH DIFFERENT QUAN-
TIES OF WATER. 
(Pounds Per Acre) 
Crop I Acre-in. of Water Applied in Irrigation. 
I 5.0 7.5 15.0 1 25-30 1 40-60 
Wheat '-------------1 . 4969 5545 6279 1 6672 1 7999 
Oats ______________ 1 5581 6623 1 1 7925 
Barley ____________ 1 7591 8047 1 7825 1 
Corli -------------- 10757 13092 1 14606 1 1263.7 
Timothy ___________ 1 3926 3732 I 5524 1 (7017) 
Orchard Grass _____ 1 2230 2158 I 1 (3444) 
Bromus inermis ____ I, 3988 3387 1 1 3928 
Italian Rye Grass ___ 1 1775 1773 1 1 (1509) 
Alfalfa ____________ 1 6942 1 8606 1 9949 
Sugar Beets _______ 1 6080 8636 I 10271 1 11528 
Carrots ____________ 1 7227 10014 I 10520 1 (14883) 
Potato'es ____ __ _____ 1 2310 2730 3405 1 3660 1 
Cabbage ___________ 1 (1849) 1 1631 1 2043 
Onions ____________ 1 ---- 2147 1- 3244 1 (3417) 
of water, it varied from about 2,000 to a little over 13,000 
pounds per acre. When 40 to 60 inches were used, the total 
dry matter in pounds per acre varied from a trifie over 1,500 . 
pounds to nearly 15,(X)() pounds. These fluctuations are very 
large and show that crops should be very carefully chosen 
with reference, not only to the amount of dry matter which 
they yield per acre, but also, with reference to their market 
value. The quality of the dry matter produced with differ-
ent amounts of water will be discussed in a later bulletin. 
However, it may here be said that the farmer, as is well 
known, can under .irrigate<i conditions control materially 
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the quality of his crops. This undoubtedly will give him 
an advantage in the markets, for in the future, surely, 
quality of crops will be considered quite as much as quan-
tity. 
A further examination of Table No. 7 shows that cer-
tain crops appear, invariably, ' to .yield much dry matter, 
whereas others always give small returns of dry matter. 
To show this more plainly, Table No.8 has been made from 
Table No.7. It shows the order of yield of dry matter of 
the crops under investigation. In each column under various 
irrigations the crops are arranged in the order of their abil-
ity to produce dry matter, beginning with the crop yielding 
the greatest" number of pounds of dry matter per acre .. 
TABLE NO.8. 
THE ORDER OF YIELD OF DRY MATTER. 
(Beginning with the Highest.) 
Low Irrigation 
5-7.5 Inches 
1. Corn 
2. Barley 
3. Sugar Beets 
4. Carrots 
5. Oats 
6. Wheat 
7. Brome Grass 
8. Timothy 
9. Potatoes 
10. Orchard .Grass 
Medium Irrigation 
15 Inches 
1. Corn 
2. Carrots 
3. Sugar Beets 
4. Barley 
5. Alfalfa 
6. Oats 
7. Wheat 
8. Timothy 
9. Potatoes 
10. Brome Grass 
11. Orchard Grass 
12. Onions 
13. Cabbage 
14. Italian Rye 
Grass 
High Irrigation 
30-60 Inches 
1. Carrots 
2. Corn 
3 . . Sugar Beets 
4. Alfalfa 
5. Barley 
6. Wheat 
7. Oats 
8. Timothy 
9. Brome Grass 
10. Orchard Grass 
11. Potatoes 
12. Onions 
13. Cabbage 
14. Italian Rye 
Grass 
Fourteen crops are listed in Table No.8. With low irri-
gation (first column) only ten crops appear. Of these corn 
heads the list, followed by barley, sugar beets, carrots, oats 
and wheat, as the six highest producers of dry matter. With 
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medium irrigation (second column) all the crops appear. The 
seven highest are corn, carrots, sugar beets, barley, alfalfa, 
oats and wheat. With high irrigation (third column) the 
same crops lead ; carrots and corn have exchanged p1ace3; 
alfalfa comes Qefore barley, and wheat precedes oats. Of 
the fourteen crops (representative of the chief irrigation 
types) investigated on the Greenville Farm, corn, wheat, oats, 
alfalfa, sugar beets and carrots were the highest producers 
of dry matter. That is to say, the small grains, the root crops 
and alf.alfa produced more dry matter per acre than any of 
the other ordinary crops grown under irrigation. 
A rational system of agriculture for arid regions, in which 
o much money and energy are expended on irrigation en-
terprises, must of necessity concern itself with the largest 
yield per acre, pound value being considered. True, the farmer 
o-enerally attempts to produce such crops as in his neigh-
borhood will give him the largest returns per acre, but fre-
quently his procedure is based on anything but accurate in-
formation. Long established custom frequently determines the 
choice of crops and their methods of production. In the end, 
the practices of men must find a resting place upon the well 
established laws of nature. The relative crop producing 
powers of p'lants will of necessity have prime consideration 
in the final establishment of a system of arid agriculture. 
I t needs hardly be said that, as the scarcity of water increases, 
such considerations w ill bf!come of more and more importance. 
With the growth and development of the West, water will 
acquire a hi"gher value, and more attention will be given to 
crops that can be most profitably grown under irrigation. 
XI. DISTRIBUTION OF DRY MATTER IN THE PARTS 
OF PLANTS. 
It has already been suggested that the dry matter gath-
ered by plants is stored in all parts of the plant. Under 
certain conditions, much of it may pass into the roots, in 
which condition, except in the case of root crops, it is lost to 
the market. Even in the parts that the farmer harvests, not all 
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of the dry matter is of equal value. For instance, in the cereal 
crops, the grain is of much higher value than the straw. 
It is of interest then to know how the dry matter dis-
tributes itself between the straw and the grain under various 
c'onditions of irrigation. In Table No. 9 the relative produc-
tion of grain and straw in wheat with different quantities of 
irrigation is shown. In the first column the parts of .grain 
for one part of straw are given. With 5 inches of irrigation 
water there was for each part of straw .80 of a part of grain. 
As the irrigation water increased this proportion decreased 
until with 50 inches of irrigation water there was only .49 
of one part of grain for each part of straw. In the second 
TABLE NO.9. 
THE DISTRIBUTION OF DRY MATTER BETWEEN 
STRAW AND GRAIN IN WHEAT. 
Depth of Irriga- Parts Grain for Per Cent Per Cent 
tion (Inches) one Part Straw Grain . Straw 
5.0 0.80 I 44.45 I 55.55 
7.5 0.76 I 43.18 I 56.82 
10.0 0.75 I 42.86 I 57.14 
15.0 0.69 I 40.83 I 59.17 
25.0 0.63 I 38.65 I 61.35 
35.0 0.60 I 37.50 I 62.50 
50.0 0.49 32.89 I 67.11 
and third columns, the same data are shown as percentages. 
With 5 inches of irrigation water, the smallest amount 
used, nearly 45 per cent of the whole plant (above ground) 
was grain. This per cent diminished steadily with increas-
ing irrigations until with 50 . inches of water a little less than 
33 per cent of the whole plant was grain. Obviously, the pro-
portion of straw increased as the irrigations increased. With the 
smallest irrigation of 5 inches nearly 56 per cent of the whole 
plant was straw, but with 50 inches the straw was a little 
over 67 per cent. In the case of wheat then, the less water 
used the larger the proportion of grain. Considering the 
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much higher value of grain than of straw, we have another 
argument in favor of growing wheat with small quantities 
.of water. 
I n Table No: 10, similar results are shown for oats. With 
5 inches of irrigation water there were 1.82 parts of grain to 
each part of straw. This per cent diminished steadily, until 
with 45 in~hes there were only 1.36 parts grain to each part 
of straw. In the next two columns these data are shown 
in percentage form. With the smallest amount of irrigation 
water applied, in the whole plant above ground, there was a 
little over 64.5 per cent of grain, which diminished as the 
irrigations increased, although somewhat irregularly, unti l 
TABLE NO. 10. 
THE DISTRIBUTION OF DRY MATTER BETWEEN 
GRAIN AND STRAW IN OATS. 
Depth of I r riga- Par ts Grain Per Cent Per Cent tion Water to one Part 
of Gra in of Straw (Inches) Straw 
5.00 1.82 64.54 35.46 
10.00 . 1.48 59.68 40.32 
15 .00 1.67 62.55 37.45 
20.00 1.62 61.83 . 38.17 
45.00 1.3q 57.63 42.37 
with 45 inches of irrigation water the per cent of g rain Was 
less than 58. While the fluctuati ons in the case of oats are 
not so g reat as with wheat, yet they are very definite ant:! 
tend in the same direction, little water producing oats pro-
proportionally high in grain and much water producing oats 
proportionally low in grain. 
The same thing ;s true with barley as · may be seen by 
glancing at Table No. 11. With 7.5 inches of water, barley 
developed into plants in which there were 1.03 parts of grain 
to each part of straw. As the water was increased to 35 
inches, this ratio decreased until there were only .62 of a 
part of grain for each part of straw. Considering these re-
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suIts in another way, the per cent of grain in the whole plant 
decreased from 50.74 with 7.5 inches of irrigation water to 
38.27 with 35 inches. This is a very large diminution com-
pensated only by corresponding increases in the straw. With 
TABLE NO. 11. 
THE DISTRIBUTION OF DRY MATTER BETWEEN 
GRAIN AND STRAW IN BARLEY . 
. Depth of Irriga- Parts Grain Per Cent Per Cent tion Water for one Part Grain Straw (Inches) Straw 
7.5 1.03 50.74 49.26 
15.0 0.89 47.09 52.91 
25.0 0.89 47.09 52.91 
35.0 0.62 38.27 61.73 
. barley, then, it is dear ' that the more water that is applied 
in irrigation the le.s~ will be the amount of grain fo'und III 
a given quantity of the crop. 
Corn is subject to precisely the same law. Table No. 12 
shows that with 7.5 inches of irrigation water, the smallest 
TABLE NO. 12. 
THE ·DISTRIBUTION OF DRY MATTER BETWEEN 
GRAIN AND STOVER IN CORN. 
Depth of Water Parts Grain P er Cent Per Cent for one Part (Inches) Stover of Grain of Straw 
7.5 1.07 51.69 48.31 
10.0 1.07 47.92 32.08 
15.0 0.92 47.92 52.08 
20.0 0.95 48.72 51.28 
25.0 0.97 49.24 50.76 
30.0 0.81 43.55 56.45 
55.0 0.88 46.81 53.19 
quantity applied, there were 1.07 parts of grain for each part 
of stover . . This ratio decreased, until with 30 inches there 
were only .81 of a part of grain for each part of stover. In 
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other words, with the smallest amount of water: used in the 
experiment, the corn plant consisted of 51.69 per cent of 
grain; with the largest amount used it consisted of 46.81 per 
cent of grain. With little water, corn rich in grain is pro-
duced; with much wate'r corn relatively poor in grain is the 
resul t. 
It would be very desirable, as previously stated, to have 
data on the whole plant for its several stages of development 
under the influence of different amounts of water. Unfor-
tunately the mechanical difficulties .are such that up to date 
plant roots have not been secured. This is, however, a ques-
tion worthy the mettle of an ambitious and skillful investiga-
tor; because much new light will doubtless be thrown upon 
the distriblltion of dry matter in plants when the whole plant 
sh9-ll have been secured for analysis. 
XII. POUNDS OF WATER FOR ONE POUND OF DRY 
MATTER. 
A common way of expressing the water requirements of 
plants is to state the number of pounds of water required 
for the production of one pound of dry matter. Work of this 
kind has been done by various investigators during the last 
forty or fifty y~ars, notably by Lawes of England, by Hell-
riegel, Sorauer and others of Germany, by King· of Wiscon-
sin ; by the Utah Station and still more recently by Dr. Lea-
ther of the Indian Department of Agriculture. The results 
obtained vary from about 200 pounds to 1,000 pounds or 
more of water .for each pound of dry matter. Little atten-
tion was given in the earlier investigations concerning the 
possible variation in the transpiration equivalent of differ-
ent crops under varying climatic conditions. It was rather 
taken for granted that the crop primarily determined the 
transpiration equivalent. 
The work done at the Utah Station shows that the trans-
piration equivalent for a given crop on' the same soil can be 
made to vary greatly by cultural treatments, by fertilizers, 
and espe·cially by the amount of water applied .. The Utah 
results further show that on soils of different fertility the sam~ 
THE EFFECT OF IRRIGATION ON DRY MATTER S3 
crop does not use the same amount of water for the production 
of one pound of dry matter. These results were fully confirmed 
by the work of Leather under East Indian c"Onditions. An 
examination of the individual results of the investigators 
above mentioned shows, likewise, a wide variation in results 
which often can be ascribed to the varying conditions around 
the plants. It seems to be high time, therefore, that writers 
on agricultural subjects no longer set the water requirements 
of plants between very narrow limits. It has become cus-
tomary to say that from 300 to 500 pounds of y.rater are re-
quired for the production of one pound of dry matter. This 
cannot be correct even in a humid climate, ex·cept for certain 
definite ·conditions. For arid regions, especially where irri-
O"ation is practiced, it is quite misleading. 
There is another fact , also, which those who use trans-
piration equivalents have not always taken into account. Some 
investigators have measured by various methods the amounts 
of water that actually pass through the plant in the produc-
tion of one pound of dry matter, and have reported their 
findings on the basis of transpiration. Others have taken 
not only the water that passes through the potted plants , but 
also that which evaporates from the soil and have reported 
their results on the basis of transpiration and evaporation. 
Apparently the whole matter needs revising with a view, of 
classifying and harmonizing the two forms of results. At 
the present both types are used somewhat indiscriminately. 
It is proposed, as indicated under Section IV, that two 
separate terms be used to designate these two water equiv-
alents. The term transpiration ratio should represent 
the number of pounds of water that actually passes through a 
plant to produce one pound of dry matter. The term evapo-
transpiration ratio should represent the ' number of 
pounds that passes through the plant and that which evapor-
ates from the soil from which the plant derives ' its nourish-
ment, in the production of one pound of dry m<l;tter. \ i\Tith 
such a distinction the results obtained by various investigat-
ors become more concordant. 
In Table No. 13, the pounds of water required in the.se 
investigations to produce one pound of dry matter, that 1S 
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the evapo-transpiration ratios, are given. These . results 
were obtained by dividing the total weight of dry matter from 
one acre by the total weight of water apparently used (the 
sum of irrigation, soil and rain water) in its production. 
With wheat, the evapo-transpiration ratio varied 
from 856 to 1,809 pounds ; with oats, from 596 to 1,566; with 
barley, from 513 to 1,263, and for \ corn from 596 to 1,566. 
The evapo-transpiration ratios for these grain crops fall, 
then, within limits which are practically the same. As the 
amount of irrigation water increased, the evapo-transpiration 
ratio invariably increased. "It is interesting to observe, 
that for various crops, with approximately the same quan-
tities of water applied, the evapo-transpiration equivalents 
are approximately the same. Thus, about 50 inches of water 
gave an evapo-transpiration equivalent for wheat of 1,530; for 
oats of 1,566; for corn of 1,566. About 20 inches of water 
gave an evapo-transpiration equivalent for wheat of 869; " for 
oats of 872; for barley of 695; for corn ?f 872 and so on. 
With alfalfa the evapo-transpiration ratio varied 
from 621 to 1,4.80, increasing as the irrigation water increased. 
The evapo.-transpiration ratio varied for sugar beets 
from 569 to 1,186, and for carrots from 423 to 1,071. Here 
the variation is not quite so great as with the grain c"rops, 
an~ considering the amounts of water used the equivalents 
are considerably lower. That is, sugar beets and carrots, 
types of root crops, appear to produce dry matter at lower 
water-cost. Potatoes, under the varying amounts of water 
used, show evapo-transpiration ratios practically the 
same as those observed for sugar beets and for carrots. Cab-
bage and onions, typical of ordinary garden crops, "produc"ed 
comparatively small yields of dry matter per acre, and conse-
quently, the evapo-transpiration equivalents are high; for cab-
bage from 2,214 to 7,419, and for onions from 2,170 to 4,689. 
The high evapo-transpiration ratios for cabbage and for 
onions do not necessarily represent wastefulness on the part 
of these pfants since only their marketable parts are har-
vested. 
While the variations within each group of plants are not 
In perfect accord, yet there is a general concordance. This 
TABLE NO. 13. 
POUNDS OF WATER REQUIRED TO PRODUCE ONE POUND OF DRY MATTER. 
(The Evapo-Transpiration Ratio.) 
WHEAT 
Irrigation Water (Inches)--- ----- ----_1 5.00 I 7.50 I 10.00 1 15.00 1 25.00 I 35.00 1 50.00 1 
Total Water. (Ir:ches)--;--- -- - ---- --- .. .::I 18.741 21.24 1 23.74 1 28.74 1 38.74 1 48.74 1 63.74 I 
Evapo-tranSpl'ratlOn RatIo __ ~ _ · ________ _ I 856 869 I 948 I 1038 1 1317 1 1530 I 1809 I 
OATS 
Irrigation Water (Inches) _____________ I 5.00 I 10.00 1 15.00 I 30.00 I 45.00 I ---- 1 -- -- 1 
Total vVater (Inches) _____ ____________ 1 14.66 1 19.66 1 24.66 I 29.66 1 54.66 I ---- 1 --' -- I 
Evapo-transpiration Ratio __ ____ _______ 1 596 I 872 I 845 I 897 I 1566 I ---- 1 ---- I 
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BARLEY 
Irrigation Water (Inches) ____ _________ 7.50 15.00 25.00 39.50 1 ---- I ---- I ---- I ----Total Water (Inches) ________ _________ 17.16 24.66 34.66 49.16 1 ---- I ---- 1 ---- ·1 . 
Evapo-transpiration Ratio _____________ 513 695 998 1263 ---- I ---- ---- I 
CORN 
Irrigation Water (Inches) _____________ 1 7.50 10.00 1 15.00 I 20.00 I 25.00 130.00 I 55 . .00 I 
Total Water (Inches) _________________ 1 13.04 15 .54120.54125.54 I 30.54 35.54 I 60.54 I 
Evapo-transpiration Ratio _____________ 1 276 275 356 416 I 474 I 527 I 1087 I 
ALFALFA 
Irrigation Water (Inches) _____________ 110.00 
Total Water (Inches) _________________ 24.91 
Evapo-transpiration Ratio ___ .:. _________ 1 621 
15.00 I 20.00 25.00 1 30.00 I 50.00 I ---- I 
29.91 I 34.91 39.91 I 44.91 1 64.91 I ---- I 
977 1 946 1052 I 1253 1480 I ---- I 
SUGAR BEETS 
Irrigation Water (Inches) _____________ 1 5.00 10.00 I 15.00 20.00 I 30.00 I 50.00 I ---- I 
Total Water (Inches) _________________ 115.25 20.25 1 25.25 30.25. I 40.25 I 60.25 1 ---- I 
Evapo-transpiration Ratio _____________ 569' 571 663 682 1 889 I 1186 I ---- I 
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CARROTS 
Irrigation Water (InCheS) _____________ \ 3.75 7.50 1 15.00 1 25.00 -I 35.00 1 60.00 I ---- 1 
Total Water (Inches) ----_____________ 14.00 17.75 1 22.25 1 35.25 1 45:25 1 70.25 ---- 1 
Evapo-transpiration Ratio _____________ 1 423 557 1 572 1 760 1 880 1 1071 I ---- I 
POTATOES 
Irrigation Water (Inches) _____ ________ 1 5.00 \ 7.50 1 10.00 1 15.00 1 20.00 I 30.00 I 45.00 1 60.00 
Total Water (Inches) _______________ __ 1 11.17 13.67 1 16.17 I 21)7 I 26.17 1 36.17 1 51.17 1 66.17 
Evapo-transpiration Ratio _____________ 1 1136 1 1136 1 1255 1 1411 1 1466 1 2242 1 3060 1 3292 
CAB BAGE 
Irrigation Water (Inches) _____________ / 12.50 
Total Water (Inches) _____ ____________ 18.04 20.00 1 25.00 .1 40.00 1 70.00 1 ---- I ---- 1 25.54 1 30.54 1 45.54 1 75.54 1 ---- 1 - --- 1 
Evapo-transpiration Ratio _____________ 1 2214 3128 1 4248 1 5058 1 7419 1 ---- 1 ---- 1 
O NIONS 
Irrigation Water (Inches) -------------' 15.00 I 20.00 1 30.00 1 65.00 1 ---- I ---- 1 ---- I 
Total Water (Inches) ____ _____________ 1 20.54 25.54 1 35.54 1 70.54 1 - --- 1 ---- I - --- I 
E·/apo-transpiration Ratio __ ___________ 1 2170 1 2628 1 2485 1 4689 I - --- I ---- 1 . ---- 1 
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is of interest . as it indicates that perhaps a definite law is in 
ooeration, one whith determines the amount of water required 
uader varying conditions to produce one pound of dry mat-
ter. 
Many years ago this Station ventured the declaration that 
the pounds of water required for one pound of dry matter 
under arid conditions would be considerably higher than un-
der humid conditions and that water conserving methods, 
therefore, should be employed with greater vigor in the former 
regions than in the latter. This opinion has been borne out by . 
these data as well as by the pot investigations conducted in 
the vegetation house of this Station. 
These equivalents represent, however, the water lost 
both by evaporation and transpiration. If the evaporation could 
be wholly prevented or greatly reduced, the transpiration 
equivalents would undoubtedly approximate more nearly those 
obtained under similar conditions in humid ' sections. For 
practical purposes, the farmer needs to know the total amount 
of water that is lost; not only by transpiration but also 
by evaporation. 
In conclusion, it may be repeated that writers on agri-
cultural subjects should take into account the fact that th.e 
transpiration and the - evapo-transpiration ratios vary 
fargely according to the conditions surrounding the crops. 
The soil, the climate, the amount of water available and 
many other factors combine In determining the amount of 
w ater that passes through a plant as well as that evaporated 
from the soil in the production of one pound of dry matter. 
XIII. MAXIMUM YIELD OF DRY MATTER WITH A 
GIVEN QUANTITY OF WATER. 
In agricultural literattlre, generally, the main considera-
tion seems to be the largest possible yield per acre. In' irri-
gated sections, i~ which land is relatively abundant, water 
relatively limited, the acre y ield, while of great importance, 
cannot be considered alone. U nder humid conditions a farm 
is measured by the number of acres that it embraces ; under 
irrigated conditions the value of the f?-rm depends on the 
acres of land and the acre-feet of water, water usually costing 
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more than the land. The farmer of the l}umid East takes the 
rain as it falls, neither increasing nor dimini hing it except 
by methods of ,cultivation. The irrigation farmer ha it in his 
power to definitely regulate the amount of water that a crop 
receives. Under irrigated conditions, therefore, the highest 
yield per unit of water must be considered as well a the 
yield per acre of land. The que tion of the best quantity of 
water to use in irrigation is an economic one, yet to be worked 
out in detail, but in its solution the return per unit, of watel 
will of necessity have to be considered . 
. ~32000 
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Figure 11. 
It has been hown repeatedly m this bulletin that the 
acre-inch yield is largest with the smallest quantity of water, 
and is least with the greate t amount of water. This truth 
can be expres ed in a number of ways. In Table No. 14, 
which shows the dry matter producing power of thirty acre 
inches of \i\ ater, an attempt has been made to express this fact 
concisely for a few tandard crops. In the first column the 
crops are enumerated; in the econd are given the y ield of 
dry matter on one acre when 30 acre inches of water were 
applied; in the third column are O"iven the total yields of dry 
matter when the ame amount of water was spread over four 
acres, and in the fourth column, the ratios of the two et of 
yields are given. Figures 11 to 15 give the same results in a 
graphical form. 
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. TABLE NO. 14. 
DRY MATTER PRODUCING POWER OF 30 ACRE-
INCHES OF WATER. 
Pounds of Dry ·Matter Produced by 
30 Acre Inches over 
CROP 
, Wheat ----------1 Corn ____________ 1 
Alfalfa __________ 1 
Sugar Beets _____ 1 
Potatoes ________ 1 
~ ~ 
:;j 
-MOOO 
One Acre 
6,951 
15,294 
8,133 
10,271 
3,660 
Cora 
~ ~ J&!UUUI-----
~ ~ 2 41J()f1-- --
~ 
~ 
~ 
~ R JOOOt------
~ 
~ 
8000 
Figure 12. 
4 Acres 
22,180 
43,028 
32,072 
28,268 
10,920 
Ratio 
3.19 
2.81 
3.94 
2.75 
2.98 
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With wheat, nearly 7,000 pounds of dry matter were 
produced when 30 acre inches of water were applied to one . 
acre, but when the same quantity of water was made to ,cover 
four acres, over 22,000 pounds of dry matter were produced, 
or more than three times as much as for one acre. With corn, 
30 acre inches of water produced on one acre something over ' 
15,000 p'ounds of dry matter, but when the same quantity of 
water .was spread over four acres more than 43,.000 pounds 
of dry m<l:tter were produced, or nearly three times as much 
as for one acre. With alfalfa, spreading 30 acre inches over 
4 acres increased the total yield of dry matter nearly four 
times. With sugar beets the ratio of yield was nearly three, 
as was also the case with potatoes. . 
On an average, it may be said that when 30 acre inches 
are spread over 4 acres, at least three times as much dry mat-
~lfalfa 
Figure 13. 
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Figure 14. 
ter is 'produced as when the arne quantity of water i spread 
over only one acre. It should be remembered that 30 acre 
inches is below the u ual annual amount of water u ed by 
farmers in the intermountain country . . While three times the 
yield has been obtained by using the water on four times as 
much land, it· mu t not be forgotten that more labor ha been 
used in cult ivating and irrigating this larger area. Each land-
holder and water-u er must determine under his own particLl-
,JJotaLoe,s. 
Figure 15. 
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lar conditions the methods that will net him the greatest 
profit. ~n a suc·ceeding bulletin this problem will be more 
'fully discussed. 
Considering the community as a whole, and especially 
the development of a great populous country in the arid West, 
the acre-yield falls into insignificance in comparison with the 
acre-inch-yield. As we grow in population we shall be less 
anxious about the actual acre yield obtClined from anyone 
crop than about the production of foodstuff for the mainte-
nance of a happy peopfe. Then and only then shall we use, 
our irrigation waters wisely. 
~WlIWffikJJJW//¥7H$T4SZ J§ Q ;,©H®%,(",;;,,*~ ~ ~ ~~~ 
5EcT/oNOrPLRT 
6"'eo/e: :10 -~ ,. /-r-7': 
7R.RNSVERSE 5ECT/ONB: LL£} 
I/RT/o#1 OFMfilN hulY7£ 
-5co/e -;2 51 ~ / ·r,. 
-';;:'PNSV£RSE 5£CTION 
flNDELEl/flTIO/v 
OrLflTCRflLrLUM£. 
Sea/eo -~.~. - /-fi. 
TRflNSVE:RS£ Sec TION a CLE VRTION 
Or-WEIR 
Sea/e: -~ -j:; c / -Fr 
Figure 16. 
Details of Flumes and Weirs Used on the Greenville Farm. 
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